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 Abstract 
 
Surfing the Web is a practical task that is being used in activities ranging from e-
mail checking and business/commerce transactions to entertainment. Web 
technology is rapidly advancing in order to provide its users with better quality and 
more sophisticated and advanced features. The research aims to compare the 
behaviour of different algorithms for measuring QoE index in different setup 
environment scenarios, by taking into account the full page load time from different 
web sites and distributed Geo locations. It is clear that the full page load time can be 
affected by different network conditions, such as delay, bandwidth, packet loss, and 
so on. The algorithms that we have considered in this research are exponential, 
logarithmic, power and linear.  
 
The estimation of QoE will help to understand the performance of the service 
provider from a users perspective giving a clear picture for the future network 
dimensioning and planning. 
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CHAPTER 1 
 
INTRODUCTION  
 
In this chapter, we provide a brief introduction to the concept of Quality of 
Experience (QoE). Some current research directions and existing problems are 
identified in the area of Quality of Experience, which lead to the motivation for 
carrying out the proposed research. But, first of all, it is necessary to define the 
context within which Quality of Experience exists. Hence, we will only recall the 
basic and indispensable notions from literature. The formal definition of Quality of 
Experience (QoE) is not easy to be given. Many different definitions are available 
in the literature and on the Web, but most of them are not well framed, and only 
scratch the surface of the problem. Instead, it is important to fully understand what 
QoE is in order to understand how to ensure and measure it. Therefore, to approach 
the objective we shall try to answer the following questions first: 
 What is quality? 
 What is experience? 
1.1 What is Quality 
 
The widely accepted definition is “Quality is the degree to which performance 
meets expectations” [1]. Another definition adopted by the American Society for 
Quality (ASQ) is, “Quality denotes an excellent in goods and services, especially to 
the degree they conform to requirements and satisfy customers” [2]. Quality 
requirements appeared in factories during the 1970s, but were essential as early as 
19th century. Following that time, the concept of Quality Assurance has been 
focused on from a number of different perspectives. Before the 1980s, the concept 
of quality involved inspecting for quality after production. For example, Kuehn, 
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A.A and Day, R.L said “in the final analysis of the market place, the quality of 
product depends on how well it fits the pattern of consumer preferences”.  Since the 
1980s, the concept of quality has been driven by customers, so that the concept has 
been driven to build quality into the process, to identify and correct causes of 
quality problems. For example, Juran, J.M in 1998 stated “Quality is fitness for 
use”. Oakland, J.S in 1989 defined quality as “the core of total quality approach is 
to identity and meet the requirement of both internal and external customer”.  
 
The generally accepted concept of Quality used nowadays involves objective 
methods of measuring and ensuring dimensional consistency with some specific 
principles, for example for a product, a system or a business.  
 
1.2  Concept of Experience  
 
Experience is the general concept of knowledge or skills of something or some 
event gained through involvement. There are many types of experience such as 
physical, mental, emotional, spiritual, religious, or social experience. One may also 
differentiate between different types of experience, but in general, experience is an 
encounter of a human being with a system having been defined from beginning to 
end [3]. Watson, S.J in 1991 stated “experience is the exposure of people to 
situations and the development of their skills and knowledge as a result of this 
expose” [4].  
 
Customer experience is the sum of all experiences that a customer has with a 
supplier of goods or services over the duration of their relationship with that 
supplier. Alternatively, customer experience can involve subjective responses from 
customers to suppliers via direct or indirect means [5].  
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1.3  Concept of Quality of Experience in Telecommunication  
 
For many years, the term Quality of Service (QoS) has been used as the principal 
descriptor for specifying the performance quality of both circuit switched and 
packet switched networks and, in particular, Internet Protocol (IP) based networks. 
A multitude of QoS characterizations have been studied in various contexts.  
 
Recently, a new study area has been proposed with the aim of interpreting end-to-
end quality in the proper sense of including a human user as being at the start and 
the end of a communication chain. Thus, the notion of QoE was born.  
 
There are many different sources for a general definition of QoE, but all definitions 
express the fact that QoE is subjective in nature and based on human opinions.  
According to Kalevi Kilkki[6].  “QoE is a subjective measure of a customer’s 
experiences with a vendor. It is related to, but differs from, QoS, which attempts to 
objectively measure the service delivered by the vendor.” According to the 
International Telecommunication Union (ITU) [7], “QoE is defined as the user’s 
perception of the acceptability of an application or service”. Thus, an assessment of 
QoE may be influenced by a user’s expectations and per-conceived concepts.  
Recent studies involve measurements both objectively and subjectively of a user’s 
perception. For example, a view from the European Telecommunications Standards 
Institute (ETSI) [8], “QoE is a measure of user performance based on both objective 
and subjective psychological measures of using an ICT service or product.” 
However, recent studies led to a more complicated QoE definition, in which the 
definition is related to more areas such as content, network, device, individual 
personality, etc. For example, a view from the Qualinet Group [3] is, “QoE is the 
degree of delight or annoyance of the user of an application or service. It results 
from the fulfillment of his or her expectations with respect to the utility and / or 
enjoyment of the application or service in the light of the user’s personality and 
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current state. In the context of communication services, QoE is influenced by 
service, content, network, device, application, and context of use”. 
 
The notion of a Mean Opinion Score (MOS) was created in 1996[9], and it 
represented the first subjective approach to the measurement of QoE. MOS is a 
method in which users are questioned and they provide an assessment of QoS that 
they have experienced via user survey and a score.  This methodology is applied to 
voice, video, and multimedia services such as video conferencing, storage, and 
retrieval application in which users are potentially listeners, viewers, and audiences 
respectively. To assess the quality of the service, each participant is required to rate 
each observation using a five point scale: 5-Excellent, 4-Good, 3-Fair, 2-Poor, and 
1-Bad. 
 
Since subjective quality evaluation, such as the MOS approach, is time consuming 
and expensive, objective methods are preferred. A paradigm for this type of work is 
a model known as the E-Model, a computational model for voice quality that was 
issued by ITU-T in the early 2000s [10].  Another model is known as Perceptual 
Speech Quality Measure (PSQM) and this is for evaluating speech coding [11] 
whereas the model known as Perceptual Evaluation of Speech Quality (PESQ) is a 
method for measuring one-way voice quality. Studies carried out since 2010 show 
that QoE is influenced by service, content, network, device, application or context 
of use in the context of communications. The correlation between objective and 
subjective parameters is used to measure QoE. This approach has been widely used 
to avoid subjective limitations, and to increase the user’s perception accuracy.  
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1.4  QoE as a function of Qos and human factors 
 
 
It is clear that QoS is an influencing factor behind the measurement of QoE. 
However,  some  existing  studies  lead  researchers  to  further  related  concepts  in 
measuring that user perception. According to an updated report of the European 
Telecommunications Standards Institute (ETSI)(8), “QoE is user-centered, 
expressed in technical QoS measure and based on both subjective and objective 
psychological measures”, this is illustrated by Figure 1-1 to describe QoE approach 
by ETSI, in which QoE is defined via a technical-centered QoS and usage outcome. 
The usage outcome is sourced from user side related to user perception. 
 
Fig 1-1: The relation between different QoS and QoE approaches 
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Other approaches are based on a pervasive context computing environment in order 
to evaluate QoE in which a rough-set based algorithm is proposed to reduce context  
attributes and determine the weight of each attribute. Its advantages are that it 
delivers QoE evaluation results that closely match the real feelings of users and it 
produces a mass of evidence information related to the experience of users which 
can be gathered through context awareness computing. However, it needs to be 
further enhanced with pervasive computing developments. 
 
Furthermore, according to the Qualinet white paper on QoE, factors influencing 
QoE are any characteristics of a user, system, service, application, or context 
grouped into three categories namely: Human, System, and Context. Human is a 
characteristic of human users described by their mental constitution, socio-
economic background, etc. System determines the quality of an application or 
service. Context is related to user environment as physical, temporal, social, 
economic, task, and technical characteristics. 
 
1.5 Motivation of the study  
 
The idea and motive of this study comes from the concept of packet to people, 
Quality of Experience as a new measurement challenging. 
Surfing the Web is a practical task that is being used in activities ranging from e-
mail checking and business/commerce transactions to entertainment. Web 
technology is rapidly advancing nowadays in order to provide its users with better 
quality and more sophisticated and advanced features. Based on networking 
parameters, Internet Service Providers (ISPs) set out to ensure that they provide a 
better QoS for their customers. 
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However, a question arises concerning the assessment of this QoS, since typically it 
depends  on  an ISP’s  perspective, as  to  whether  this  is  sufficient  to  infer  a  
fair assessment of a user’s experience of the service when they are the direct users 
of the service. Therefore it may be meaningless if an ISP guarantees that the service 
is good based on only QoS measurements, but their users are not satisfied with the 
actual service delivered. Moreover, a user’s opinion, which is subjective, may not 
be a totally correct assessment either due to personal bias, past experiences and 
other factors which have been clearly stated above. 
 
It is clear that in this area, objective performance metrics that correlate well with 
subjective scores are still in their early stages of development. Thus, more effort and 
new standards are still needed for defining the measurement model to represent the 
perceived quality which is experienced by end users. 
 
QoE contains the concept of end to end QoS within itself. For many years it has 
been realized that end to end QoS is a crucial contribution, but it is not enough to 
determine the quality of telecommunication services from a user perspective.  QoS 
is based on technical performance while QoE is based on end-user behaviour. A 
service provider may conclude that a service with a certain level of QoS used for 
particular communications intentionally offer users good QoE, other levels of QoS 
may offer users a poor QoE. Alternatively, end to end QoS schemes are considered 
to be unable to provide services with a certain quality as expected by users. 
Therefore, QoE is necessary as a way of expressing the level of quality that users 
believe they have experienced. 
 
QoE is expected to be the next end-to-end QoS research direction. The current 
literature discussed in detail in Chapter 2 shows that the concept of QoE is 
receiving a great deal of attention at the present time and, in particular, it represents 
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initiatives of the European Telecommunications Standards Institute (ETSI), the 
network of Excellence Euro-NF (Network of Future), and the ITU-T Study 
Group12. It is observed that QoE study, in general, and for QoE of Web browsing in 
particular, is a newly evolving important issue for three reasons. 
1)  Its concept is still new and not fully defined. 
2)  It needs a reliable, reproducible objective and subjective technical and 
psychological assessment. 
3)  A recommendation for defining the QoE of Web browsing needs to be 
updated as it is not really available at this time. 
 
Studies have been published by various researchers to identify specific goals that 
need to be achieved and comprehensive mathematical models that should be 
developed to support standard recommendations. There are two main important 
questions that need to be answered and they are: 
 
1) How to build a measurement model that represents a good correlation between 
objectively observed parameters and subjective-based parameters? 
2)  How to build a mathematical model that automates the process of multimedia 
QoE assessment? 
 
The QoE of Web based services will be reviewed in more detail within Chapter 2,  
together with some current trends in the QoE of Web based services. The questions 
raised for objective measurement of QoE are: 
1)  What are the objective parameters to be measured? 
2)  How to measure them for the case of Web browsing? 
 
Furthermore, not only the technical parameters measured objectively have an 
influence on QoE, but also some psychological effects and other effects, hereafter 
referred to as noises, impact on users for their web browsing assessment. 
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In overall, there are three current main issues involving the QoE of Web based 
services.  
Firstly QoE depends on users’ score; however, the users’ scores are subjective in 
nature. That is why they are prone to various errors. Secondly, due to the first 
problem, it is necessary to be objective the users’ score; however what are the 
objective measurable parameters and how they can correlate to the real user’s scores 
are question for the case of web based services, because the objective assessment is 
in the early development. Thirdly, researchers recognized other psychological 
effects such as memory and noises such as content have impact on the user’s scores. 
Therefore, how those effects can be minimized in the system or can take in to 
account in assessment are demanding questions.  
 
 
1.6  Research aim 
 
The research aims to compare the behaviour of different algorithms for measuring 
QoE index in different setup environment scenarios, by taking into account the full 
page load time from different web sites. It is clear that the full page load time can be 
affected by different network conditions, such as delay, bandwidth, packet loss, and 
so on. The algorithms that we have considered in this research are exponential, 
logarithmic, power and linear.  
 
The estimation of QoE will help to understand the performance of the service 
provider from a user perspective giving a clear picture for the future network 
dimensioning and planning. 
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CHAPTER 2  
 
QUALITY OF EXPERIENCE TECHNICAL DETAILS FOR WEB -
BASED SERVICE  
 
This chapter gives an overview of existing QoE measurement studies in general, 
and existing QoE for Web browsing in particular.  
QoE measurement studies are divided into subjective quality evaluation, objective 
quality evaluation, and existing QoS-QoE correlation evaluation. Although QoE for 
telecommunications services such as video, audio, voice have been updated and 
recommended, the concept for web browsing remains open in the literature and in 
the standards community. Current status and trends of QoE of Web based services 
are presented. Recent studies show that the factors influencing QoE for web 
browsing are not only limited to quality of service, but also related to web 
application characteristics and other psychological effects are involved. 
 
2.1  Subjective Quality Evaluation for measuring QoE  
 
 
Subjective Quality Evaluation is a method that uses laboratory equipment, data sets, 
a testing methodology, and score determination to measure QoE. The foundation of 
a subjective evaluation of QoE is known as the Mean Opinion Score (MOS), which 
used user surveys and user scores to evaluate QoE. It involves collection of 
opinions from test participants who are asked to rate the QoS with respect to the 
considered medium and it is also the de facto standard for subjective evaluation. 
 
MOS is based on a five-point subjective scale of [1, 2, 3, 4, 5] which correspond to 
the following qualitative opinions {Not Recommended, Dissatisfied, Fair, Satisfied, 
Very Satisfied} respectively.  It is used to evaluate the subjective quality of speech 
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/video /audio /multimedia such as subjective video quality measurement and 
subjective audio measurement. 
 
The outcome of any subjective experiment is mapped into an MOS, and there are a 
number of different scales based on generic MOS scores. The popular scale using 
subjective assessment with a five –grade absolute quality rate scale is divided into 
five level [5, 4, 3, 2, 1] mapped to Excellent, Good, Fair, Poor, Bad respectively. 
 
 
2.2  Subjective Quality Evaluation Current –Status  
 
Several methodologies using subjective quality evaluation have also been 
standardized in ITU documents, for voice, video, and multimedia services. Figure 
2-1 shows more details regarding these recommendations. 
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Fig2-1: ITU’s Standard on QoE using Subjective evaluation methods  
 
For example, in the ITU Standard P.800 for voice [9], a number of listeners rate the 
perceived voice quality in a test following the above five-point subjective absolute 
scale obtained from each user at the end of each conversation. 
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Formal subjective listening tests are based on recommendation ITU-R BS.1116-
1[10] .It is considered to be a reliable test of judgments for audio quality. However, 
these subjective results may not fully reflect actual user perceptions. 
 
A methodology for subjective assessment of visual quality assessment was 
formalized in ITU-R BT. 500[11]. Subjective tests used in the experiments 
conducted under this recommendation involve estimating the performance of a 
television system by a system viewer. However, this recommendation is no longer 
used for television, replacing it with ITU-T Rec. 910[12] for multimedia 
applications instead. 
 
2.3   Objective Quality Evaluation for measuring QoE   
 
Objective Quality Evaluation aims to apply an automatic and reliable way to 
estimate a user’s perception of a service. Its goal is to have a good correlation with 
subjective quality evaluation methods. 
The main purposes of objective quality evaluation for measuring QoE standards 
are: 
1)  Characterizing the meaning of user opinions related to specific applications; 
2)  Defining a method for reliable user opinions; 
3)  Defining a method for prediction of user opinions. 
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Several methodologies with the current status using objective evaluation have been 
standardized in ITU documents, for Voice, and multimedia services as shown in 
fig2-2. 
 
Fig2-2: ITU’s standards on QoE using Objective quality evolution methods  
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2.4 Objective-Subjective Correlation for measuring QoE by mapping Qos-QoE 
 
Since QoE relates to a user’s experience it partly involves a form of psychological 
measurement (subjective).  However, it is important to telecommunication service 
providers to express QoE objectively in relation to their networks and equipment. 
 
There are some recent models for correlating QoE-QoS with QoE measurement 
models.   Some research papers have developed formulae to compute QoE in the 
correlation category.  
a) QoE is calculated via the QoS quality parameters by Fielder, M.et al. and it is 
described as the IQX hypothesis [14]. This methodology provides a bridge 
between subjective and objective measurement.  Fielder, M. et al., mentioned a 
generic quantitative relationship between QoS and QoE called the IQX 
hypothesis.  
QoE=ф (I1, I2,…, In) is a function of n influence factors IJ. A singular impact factor 
I=QoS is used to derive the fundamental relationship QoE=f (QoS). Table 2-1 for 
example, listed some QoS parameter attributes that included technical parameters 
such as delay, packet loss or jitter and their values can be related to users’ 
experience perspectives as user satisfaction and user enjoyment. 
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Table 2-1[15]: Attributes of QoE and their main parameters  
Attribute Parameter examples 
Communication situation  User task Give instruction, negotiation and outcome 
User group Business people, elderly people  
User environment  Conference room 
Service prescription  Service type Video call, audio call ,video on demand ,IPTV 
Terminal type Laptop computer ,Mobile handset 
Technical Parameter  Bit rate 1Mb/s,64 kb/s 
Media protocol  H.264,MPEG2,AAC 
Network protocol  TCP-Ip,UDP-IP,RTSP 
Delay  50ms,100ms,1s 
Audio –video 
asynchrony  
0.50ms,-100ms 
Jitter  50ms,100ms, 1s 
Packet loss 0.5%,1%,0.3%,5% 
Video frame rate  7frames/s,25frames/s,30 frames/s 
Video resolution  CIF,1920x1080,XGA 
User experience  Task effectiveness Task accuracy ,value of negotiated agreement  
Task efficiency  Task time, number of speech interruption  
User satisfaction  Acceptability of the service ,satisfaction with 
communication  
User enjoyment  Level of engagement ,level of fun  
 
b) QoE is defined via an exponential function of QoS by Khirman, S [16]. This 
formula involves  developing  a  relationship  for  session  time  in  order  to  
calculate  user’s experience for web browsing.  
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The proposed work leads to new perspectives in measuring QoE when QoS 
parameters are linked to QoE perspectives in specifically end-user multimedia QoS 
categories of IP-based services as recommended in Y. 1541[17] and G. 1010[18] 
and more detail about this is given below in 2.5.1. 
 
 
2.5 QoE of Web -Based Service 
 
QoE for traditional telecommunications services such as voice, audio or video were 
investigated before 2000s.  However,  the concept  of  QoE  for  different  IP  based 
applications  including  web-browsing  was  first  mentioned  in 2002[19] ,  and 
recommended  in 2005[20]   and with a re-evaluation of QoE for  Web-browsing 
more recently in 2009[21]  and recommended for further study in 2010s [22]. 
 
Defining a particular QoE for web services is a challenging area covered by existing 
and on-going research. Figure 2-3 describes some existing recommendations and 
recent web traffic studies which are related to human perception of specific web 
services or web browsing experiences. 
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Fig 2-3: Some ITU Recommendation related to Web Traffic and current studies  
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2.5.1 ITU-T G.1030 
 
End-to-end performance was considered as a concept for QoE for web-browsing 
and recommended in G.1030 [20] in which session time is measured in terms of 
MOS. The G.1030 is based on recommendations from the end user multimedia QoS 
categories in G.1010, network contribution to transactions time in G.1040 and 
available performance parameters in Y.1540.  G.1010 considers quality of service 
performance considerations for different IP based applications including web-
browsing. The quality of service of delay considered for web-browsing is not higher 
than 10ms. ITU-T Recommendation G.1030 published in 2005 provides a way to 
estimate end to end performance in IP based networks for services including web 
browsing. G.1030 involves estimation of performance from end to end data 
applications in Internet Protocol Networks. G.1030 is an opinion model for web-
browsing applications, which used: 
 
1)  A subjective web browsing quality experiment and results 
2)  Estimated network performance with limited information 
However, this model has some drawbacks which are shown in [23], where they 
present an evaluation of QoE on an IP network by changing conditions and 
estimating different services and applications in order to update ITU-T 
Recommendation G.1030 which has not been amended to match current networking 
architectures and user behaviour. 
 
According to Ibarrola, E., et al. [23], G.1030 is a reference point for QoE 
evaluation; however, it needs to be updated by current service characteristics in 
order to bring the QoE model up-to-date. From the guidelines stated in ITU-
Recommendation G.1030, Ibarrola, E. et al. [23], provides a framework for 
evaluating QoE based on: 
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(1) Having relevant measurements or network simulation results 
(2) Governing protocols with specific options or using network performance 
and customer performance as a key metric of application performance 
(3) Interpreting the application performance as an estimate of QoE by 
typical users. 
 
Moreover psychological effects have not been taken into account in this standard. In 
recent literature from ETSI they concluded that there should be other effects on 
QoE assessment from human perspectives that should be further studied 
 
Therefore, in order to take account of G.1030’s shortcomings, the directions for 
ITU-T for QoE of web based services should be: 
(1) Current network performance for the case of web browsing should be updated in 
the existing recommendation. 
(2) Customer’s perception should be accessed via key metrics of application and 
networking for web browsing. 
(3) Human psychological effects such as Content and state of mind should be 
integrated and combined together with (1) and (2) for a comprehensive assessment 
of customer QoE for web browsing, fully understanding and further matching with 
customer behavior when they are web browsing. 
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CHAPTER 3  
 
EXPERIMENTAL DESIGN IN WEB -BASED APPLICATIONS  
 
In this chapter, a framework is presented for assessing QoE for web based services. 
The framework arises from a conceptual model whose metrics are derived from the 
network and application layers integrated. The objective metrics derived from these 
two layers have been selected and tested using appropriately constructed 
experiments to see their effects on users’ perception. The QoE web assessment 
framework has been developed using a comprehensive set of these metrics in order 
to construct a full and detailed understanding of a users’ experience in this 
environment by taking the full page load time as the main parameter for the 
evaluations of the QoE in all the algorithms. 
 
3.1 Introduction to set up Scenario  
 
We have used the netem (network emulator) for our experimental test –bed in order 
to consider different QoS parameter conditions, netem is a network emulator in the 
linux kernel 2.6.7 and higher that reproduces network dynamics by delaying, 
dropping, duplicating or corrupting packets. Netem is an extension of tc, the linux 
traffic control tool in the iproute2 package, using shared libraries and data files in 
the /usr/lib/tc directory. 
 
Netem provides Network Emulation functionality for testing protocols by emulating 
the properties of wide area networks. The current version emulates variable delay, 
loss, duplication and re-ordering. 
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The netem kernel component is enabled under: 
 Networking --> 
   Networking Options --> 
     QoS and/or fair queuing --> 
        Network emulator 
 
During the experiments we used phantomjs which is a headless browser tool to 
retrieve webpage load times. A headless browser is a web browser without 
a graphical user interface [24]. In other words it is a piece of software, that access 
web pages but doesn’t show them to any human being. Such a tool is actually used 
to provide the content of web pages to other programs. For example, a headless 
browser can be used by a computer program to access a web page and determine 
how wide that page (or any element on it) would appear to be by default for a user, 
or what colour text in any element would be, the font family used or even what the 
x/y coordinates of an object are. This data is often used to test web pages in mass 
for quality control or to extract data.  
 
The headless browser is significant because it understands web pages like a browser 
would – with the caveat that browsers all (annoyingly) behave slightly differently. 
Headless browsers, for example, should be able to parse JavaScript. They can 
“click” on links and even cope with downloads. This is a classic example of 
software providing data to another piece of software without a GUI being necessary. 
 
3.2 Why Phantomjs was used  
PhantomJS is a program that gives us headless interactions with a browser. 
Essentially it’s fully scriptable web browser and it was used for four different 
reasons: 
 
23 
 
a. Unit JavaScript test. This way unit tests run in an actual browser.  
b. Automated looking at an actual browser DOM to find out plugin configuration.  
c. Generating screenshots of thousands of infographics that were built as HTML 
pages to take advantage of code already in place.  
d. As a part of a build tool for generating a sprite and a map based off of canvas 
and SVG.  
 
In general phantomjs is an optimal solution for testing headless browsers and    
suitable for general command-line based testing. 
 
3.3 Environment set up  
Hardware platform: 
Asus_X401A 
 Processor: Intel® Pentium® CPU B980@2.40GHz 2.40 GHz 
 Installed Memory (RAM):4.00GB (3.89 GB usable) 
 System type: 64-bit Operating System ,x64-based processor 
Software platform: 
 Operating system: Linux 12.04  
 Netem : Network emulator  
 PhantomJs: version 1.9.8-linux-x86_64.tar.bz2 
Our Set up environment is categorized in three different areas with five different 
websites from distributed world and four algorithms. All the relevant information is 
summarized below, including the list of the website considered in the comparison 
(Table 3-1), the different network environment set up categories (Table 3-2) and the 
considered algorithms (Table 3-3).   
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Table 3-1: List of Websites 
S.No url name  Country  
1 http://www.cnn.com/ US 
2 http://www.republica.it/ Italy 
3 http://www.baidu.com/ China 
4 http://google.com/ US 
5 https://www.google.com.et/ Ethiopia 
 
In order to have different results of full page load time for our experiment to be 
general enough, we have decided from different world based on criteria’s of 
distance and most visited sites, considering our reference Italy which is the current 
place where the experiments were made. 
 
Table 3-2: Set up environment Categories 
S.No Test Type  Total number of test for each url Parallel flows 
1 Wired + loss &delay 50 10 
2 Wifi 1000 50 
3 Wired 1000 50 
 
 
We have conducted experiments in three different environment scenarios:  
1. Wired  +loss & delay, in this set up  environment scenario we introduce packet 
loss 30% and packet delay 100ms  ( more detail for this can be found in chapter 
3,particularly 3.1 Introduction to set up scenario). 
2. Standard  wifi  (specifically STDWL) and  
3. Standard  wired (specifically STDWR)   
The two experiments “standard wired” and “wired + loss & delay” have been made 
in Sant'Anna Library in Pisa headquarter and the third experiment “wifi” is made in 
SALA-INFORMATICA at PRATICELLI Student resident study room 
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In addition to that ,we have set for standard wired and standard wifi the total 
number of request for each url equal to 1000  with 50  parallel requests and for the 
wired + loss & delay the total number of request for each ulr equal to 50  with 10 
parallel requests.  
 
Table 3-3: Trend line Equations with Respective coefficient of determination  
S.No Type of Algorithms R2 Regression 
1 Exponential  0.990 QoE= 4.836 e-0.150x 
2 Logarithmic  0.988 QoE = -1.426 ln(x) + 4.469 
3 Power  0.912 QoE = 5.339x -0.638 
4 Linear  0.966 QoE = -0.318x + 4.158 
 
 In our work, in order to estimate the QoE for web-based applications, we 
considered 4 algorithms which have been proposed in [25]. The four algorithms 
calculate the QoE index based on full page load time in seconds. The coefficient of 
determination (R2) is a process in which it is possible to predict the future outcomes 
of a situation on the basis of the given information. It provides a measure of how 
well future outcomes are likely to be predicted by the function. One use of the 
coefficient of determination is to test the goodness of fit of the model. It is 
expressed as a value between zero and one. A value of one indicates a perfect fit, 
and therefore, a very reliable model for future forecasts. A value of zero, on the 
other hand, would indicate that the model fails to accurately model the dataset. In 
our case the R2 is ranging from 0.912-0.990 which is rounding to 1, so that it is 
perfect fit to our analysis of our QoE index values. 
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In each case in reference to the algorithms (Table 3-3) the argument (input) of the 
function is x which is full page load time and the value (output) of the function is 
Quality of Experience (QoE).  
 
1. Exponential functions. These are functions of the form: QoE = a b x and their 
values are a=4.836 and b=-0.150. 
2. Logarithmic functions. These are function of the form QoE= a ln (x) + b, where 
ln the natural logarithm and their values are a= -1.426 and b=4.469. 
3. Power functions. These are functions of the form: QoE = a x band their values 
are a=5.339 and b=-0.638. 
4.  Linear functions. These are functions of the form: QoE = a x + b and their 
values are a=-0.318 and b=4.158. 
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CHAPTER 4  
 
EXPERIMENTAL RESULTS AND ANALYSIS  
 
In this chapter, the results and analysis of the experiments are presented. We have 
made data normalization for the analysis purpose, because our data are different 
from different scenario, so that we have introduced the normalization methods. Our 
result is computed from the tables below in order to be normalized in the range of 
QoE Index in between [0, 1] inclusively.   
 
Tables below from 4-1 to 4-3 shows the results of all urls with their minimum and 
maximum including their overall absolute minimum and absolute maximum QoE 
values from the three set up environment scenario. 
 
     Table 4-1: Wired+loss & delay  
Wired+loss & delay 
  
  
  
  
  
  
  
Url Name 
QoE values  
Minimum Maximum 
http://www.cnn.com -7.26933 1.584744 
http://www.republica.it -15.509982 5.390730316 
http://www.baidu.com -2.406792 3.756529928 
http://www.google.com 0.170916 4.217751592 
http://www.google.com.et 0.527076 6.734007807 
Overall Min and Max -15.509982 6.734007807 
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Table 4-2: STDWL  
  
STDWL 
  
  
  
  
  
  
  
Url Name 
QoE values 
Minimum Maximum 
http://www.cnn.com -8.425896 5.20706082 
http://www.republica.it -34.089132 5.162827458 
http://www.baidu.com 0.481284 4.457263121 
http://www.google.com 1.821800176 11.13421395 
http://www.google.com.et 1.868315477 8.836052483 
 Overall Min and Max -34.089132 11.13421395 
 
 
Table 4-3: STDWR  
STDWR 
  
  
  
  
  
  
Url name 
QoE Values 
Minimum Maximum 
http://www.cnn.com -8.344806 5.42239233 
http://www.republica.it -28.85199 12.16650005 
http://www.baidu.com 1.22855408 5.184823035 
http://www.google.com 1.681838515 7.659240079 
http://www.google.com.et 1.875013009 9.415184579 
 Overall Min and Max -28.85199 12.16650005 
 
The tables below (4-4 to 4-8) are referring to each url QoE values showing the 
minimum and maximum including the absolute minimum and absolute maximum 
labeled with overall from all the three different scenarios. 
 
Table 4-4: Result of cnn.com 
Type of Scenario  Url Name  Min Max 
Wired+loss & delay cnn.com -7.26933 1.584744 
STDWL cnn.com -8.425896 5.20706082 
STDWR cnn.com -8.344806 5.42239233 
    
Overall cnn.com -8.425896 5.42239233 
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Table 4-5: Results of republica.it 
Type of Scenario  Url Name  Min Max 
Wired+loss & delay republica.it -15.509982 5.3907303164 
STDWL republica.it -34.089132 5.1628274577 
STDWR republica.it -28.85199 12.166500045 
    
Overall republica.it -34.089132 12.16650005 
 
 
Table 4-6: Result of baidu.com 
Type of Scenario  Url Name  Min Max 
Wired+loss & delay baidu.com -2.406792 3.7565299279 
STDWL baidu.com 0.481284 4.4572631207 
STDWR baidu.com 1.2285540795 5.1848230353 
    
Overall baidu.com -2.406792 5.184823035 
 
 
Table4-7: Results of google.com 
Type of Scenario  Url Name  Min Max 
Wired+loss & delay google.com 0.170916 4.2177515918 
STDWL google.com 1.8218001764 11.1342139472 
STDWR google.com 1.6818385145 7.6592400785 
    
Overall google.com 0.170916 11.13421395 
 
 
Table 4-8: Results of google.com.et 
Type of Scenario  Url Name  Min Max 
Wired+loss & delay google.com.et 0.527076 6.7340078067 
STDWL google.com.et 1.8683154771 8.8360524825 
STDWR google.com.et 1.8750130085 9.4151845787 
    
Overall google.et.com 0.527076 9.415184579 
 
 
The computed QoE index values for all the algorithms (functions) we have used 
were based on Full Page Load Time (FPLT).  
 We have presented for each url its QoE index Table, but min and max are  referring 
to the FPLT in each table, it is for optimization reason that we have used one table 
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,that have QoE index of the four algorithms and the FPLT. Moreover, the results of 
the QoE index in each table are presented with the reference point of QoE index 
maximum with minimum FPLT and minimum QoE index with maximum FPLT 
 
4.1 Data Normalization 
 
 4.1.1Why and when do we need data normalization 
 
Data normalization means transforming all variables in the data to a specific range, 
So for the analysis and comparison purpose of the QoE index evaluations with 
different algorithms from different scenario, we made normalization, otherwise we 
don’t know how big the influence of our QoE index is in relation to the different set 
up environment scenario.  
We have normalized our data with the classical way that means to fit the data within 
unity (1), so all data values will take on a value of 0 to 1.  Since some models 
collapse at the value of zero, sometimes an arbitrary range of say 0.1 to 0.9 is 
chosen instead, but for this we will assume a unity-based normalization.   The 
following equation is what should be used to implement a unity-based 
normalization: 
 
 
Where: 
Xi = Each data point i 
XMin = the minimum among all the data points 
XMax = the maximum among all the data points 
Xi, 0 to 1 = the data point i normalized between 0 and 1 
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We have introduced the normalization data in our QoEi, where i stands for the four 
{algorithms Exponential, logarithmic, power and linear}, in two ways: 
 
1. QoE Indexes with Global Normalization 
We take into the consideration the absolute minimum and absolute maximum 
of QoE values overall the urls and all the scenarios. For the first case the 
absolute minimum value is -34.089132 and the absolute maximum is 
12.16650005 (see reference Table 4-5) 
2. QoE Indexes with Relative Normalization 
We take into the consideration the absolute maximum and absolute minimum 
over the three scenarios for each url. For the second case the absolute minimum 
and absolute maximum are the values in each table for three scenarios (see 
reference Tables from 4-4 to 4-8).  
In general Zero for lowest level of satisfaction (maximum dissatisfaction) and 
one for highest level of satisfaction. 
4.2 QoE Indexes with Global Normalization 
In the following figures, the FPLT (y-axis on the left) and the corresponding 
normalized values of QoE indexes (y-axis on the right) are reported for the 
different tests. 
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4.2.1 Wired+loss & delay Results and Analysis  
  
     Fig 4-1:  QoE index with loss and delay for cnn.com 
 
Table 4-9: Normalized Results of cnn.com  
url Algorithm Min Max Mean Var 
 
cnn.com 
FPLT 8.092 35.935 15.2583 27.60540899 
Exp 0.737449395 0.768030673 0.750248655 5.78852E-05 
Log 0.723168392 0.76912889 0.75114275 9.44546E-05 
Pow 0.748718165 0.767378315 0.758336015 1.72573E-05 
Lin 0.579817004 0.771233132 0.721965977 0.001304726 
 
As we can see from the graph (Fig 4-1) and the table(Table 4-9) that in case of 
cnn.com the quality is good and the four algorithms give similar results, although 
the linear is slightly lower than the others in case of higher FPLT. 
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                Fig 4-2 QoE index (in mean and variance) for cnn.com 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-2, which highlights that the four 
algorithms give very similar mean values with a variance close to zero, meaning 
that the quality did not change significantly during the measurement campaign. 
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        Fig 4-3: QoE index with loss and delay for republica.it 
 
Table 4-10: Normalized results of republica.it 
url Algorithm Min Max Mean Var 
 
republica.it 
FPLT 0.985 61.849 11.96076 216.0518016 
Exp 0.736982347 0.827161796 0.780756657 0.001041121 
Log 0.706428907 0.834053765 0.777986029 0.001368219 
Pow 0.745279203 0.853514709 0.78439629 0.001068675 
Lin 0.401662439 0.82009261 0.744636032 0.010211344 
 
As the Fig (4-3) and table (Table 4-10) indicates the QoE indexes are similar, apart 
from few cases with high FPLT, for which the linear algorithm gives lower values 
.However, as highlighted by histogram 4-4; the average QoE indexes are high, with 
variance close to zero. 
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             Fig 4-4: QoE index (in mean and variance) for republica.it 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
Fig 4-5: QoE index with loss and delay for baidu.com 
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Table 4-11: Normalized results of baidu.com 
url Algorithm Min Max Mean Var 
 
baidu.com 
FPLT 1.735 20.644 6.931 18.4279078 
Exp 0.741698479 0.817565423 0.780686453 0.00052809 
Log 0.740256328 0.816601001 0.78036693 0.000455202 
Pow 0.753701063 0.818184949 0.779325246 0.000392289 
Lin 0.68494016 0.814936481 0.77921482 0.000870966 
 
As the Fig (4-5) and table (Table 4-11) indicates the QoE indexes are similar, apart 
from few cases with high FPLT, for which the linear algorithm gives slightly lower 
values .However, as highlighted by histogram 4-6; the average QoE indexes are 
high, with variance close to zero. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig 4-6: QoE index (in mean and variance) for baidu.com 
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Fig 4-7: QoE index with loss and delay for google.com 
 
 
Table 4-12: Normalized results of google.com 
url Algorithm Min Max Mean Var 
 
google.com 
FPLT 1.447 12.538 6.72442 9.712395228 
Exp 0.752914615 0.821123332 0.779402699 0.000401513 
Log 0.755629378 0.822196867 0.779280038 0.000336321 
Pow 0.759967159 0.828156095 0.777513751 0.000318823 
Lin 0.740667601 0.816916434 0.780635024 0.000459041 
 
As we can see from Fig 4-7 and Table 4-12 when we observe google.com the 
quality is good and the four algorithms give almost the same results. 
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 Fig 4-8: QoE index (in mean and variance) for google.com 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-8, which highlights that the four 
algorithms give very similar mean values with a variance close to zero, meaning 
that the quality did not change significantly during the measurement campaign. 
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Fig 4-9: QoE index with loss and delay for google.com.et  
 
Table 4-13: Normalized results of google.com.et 
url Alg Min Max Mean Var 
 
google.com.et 
FPLT 0.695 11.418 3.12806 7.306285649 
Exp 0.755830998 0.831171609 0.806857386 0.000466534 
Log 0.758514109 0.844804643 0.80819145 0.00059457 
Pow 0.761381731 0.88255501 0.813615169 0.001264149 
Lin 0.74836742 0.822086313 0.805359418 0.00034532 
 
As we can see from the graph (Fig 4-9) and the table (Table 4-13) that in 
case of google.com.et the quality is good and the four algorithms give 
similar results. 
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  Fig 4-10: QoE index (in mean and variance) for google.com.et 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-10, which highlights that the four 
algorithms give very similar mean values with a variance close to zero, meaning 
that the quality did not change significantly during the measurement campaign. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
41 
 
4.2.2 STDWL (Standard Wireless) Results and Analysis  
 
 
Fig 4-11: QoE index with STDWL for cnn.com 
 
Table 4-14: Normalized results of cnn.com 
url Alg Min Max Mean Var 
cnn.com FPLT 1.04 39.572 3.37853 15.1199879 
Exp 0.737248905 0.826420796 0.80713792 0.000580247 
Log 0.720196198 0.832378708 0.808781631 0.000657164 
Pow 0.748017469 0.84954396 0.814592926 0.000970861 
Lin 0.554813217 0.819714494 0.803637478 0.000714622 
 
As the Fig (4-11) and table (Table 4-14) indicates the QoE indexes are similar, apart 
from few cases with high FPLT, for which the linear algorithm gives  lower values 
.However, as highlighted by histogram 4-12; the average QoE indexes are high, 
with variance close to zero. 
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 Fig 4-12: QoE index (in mean and variance) for cnn.com 
 
 
Fig 4-13: QoE index with STDWL for republica.it 
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Table 4-15: Normalized results of republica.it 
url Algorithms Min Max Mean Var 
republica.it FPLT 1.054 120.274 13.871209 635.5224625 
Exp 0.736972595 0.826233152 0.789458167 0.000732351 
Log 0.685925476 0.831966475 0.782682709 0.001340372 
Pow 0.742406896 0.848587679 0.786338676 0.00057469 
Lin 0 0.819618246 0.731502004 0.030036955 
 
As the Fig (4-13) and table (Table 4-15) indicates the QoE indexes are similar, apart 
from few cases with high FPLT, for which the linear algorithm gives  lowest values 
.However, as highlighted by histogram 4-14; the average QoE indexes are high, 
with variance close to zero. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
  Fig 4-14: QoE index (in mean and variance) for republica.it 
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Fig 4-15: QoE index with STDWL for baidu.com 
 
Table 4-16: Normalized results of baidu.com 
url Algorithms Min Max Mean Var 
baidu.com FPLT 1.327 11.562 2.635714 1.003665269 
Exp 0.755428024 0.82265176 0.80808203 8.04441E-05 
Log 0.75812774 0.824865758 0.805318288 8.80182E-05 
Pow 0.761187335 0.833334092 0.802416168 0.000135793 
Lin 0.747377443 0.817741415 0.808744218 4.74366E-05 
 
For the URL baidu.com (Fig 4-15 and Table 4-16) the quality is good and all 
the algorithms have similar results. 
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 Fig 4-16: QoE index (in mean and variance) for baidu.com 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-16, which highlights that the four 
algorithms give very similar mean values with a variance close to zero, meaning 
that the quality did not change significantly during the measurement campaign. 
 
Fig 4-17: QoE index with STDWL  for google.com  
 
Table 4-17: Normalized results of google.com 
url Algorithm Min Max Mean Var 
google.com FPLT 0.316 5.394 1.231781 0.286501136 
Exp 0.783524105 0.836681972 0.82414845 4.14375E-05 
Log 0.781632654 0.869102871 0.829603624 0.00015239 
Pow 0.776358047 0.977683018 0.846921348 0.00094802 
Lin 0.789781447 0.824691877 0.81839603 1.3541E-05 
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In the cases of google.com the graph (Fig 4-17) and Table 4-17 shows that 
the quality is good and the four algorithms give similar results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig 4-18: QoE index (in mean and variance) for google.com 
  
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-18, which shows that the four 
algorithms give  similar mean values with a variance close to zero, meaning that the 
quality did not change significantly during the measurement campaign. 
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Fig 4-19:  QoE index with STDWL for google.com.et  
 
Table 4-18: Normalized results of google.com.et 
url Algorithms Min Max Mean Var 
google.com.et FPLT 0.454 5.185 1.121496 0.069195882 
Exp 0.785006612 0.834639203 0.825398297 1.01084E-05 
Log 0.782850922 0.857931946 0.830646353 3.28186E-05 
Pow 0.777363661 0.927999091 0.846314466 0.00015626 
Lin 0.791218288 0.823743149 0.819154222 3.27043E-06 
 
In the cases of google.com.et as shown in Fig 4-19 and Table 4-18 the 
quality is good and the four algorithms have similar results. 
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 Fig 4-20: QoE index (in mean and variance) for google.com.et 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-20, we can observe that the four 
algorithms give  similar mean values with a variance close to zero, meaning that the 
quality did not change significantly during the measurement campaign. 
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4.2.3 STDWR (Standard wired) Results and Analysis 
 
 
Fig 4-21: QoE index with STDWR for cnn.com  
 
Table 4-19: Normalized results of cnn.com 
url Algorithm Min Max Mean Var 
cnn.com FPLT 0.976 39.317 6.454251 16.26173296 
Exp 0.737259679 0.827283634 0.781952004 0.000321027 
Log 0.720395499 0.834336743 0.781119867 0.000338867 
Pow 0.748063118 0.854199209 0.779257632 0.000418436 
Lin 0.5565663 0.820154483 0.782492392 0.000768585 
 
In the cases of cnn.com the quality is good and  the three algorithms (exponential, 
logarithmic and power)  give similar results as shown in the graph (Fig 4-21) and 
Table 4-19, but the linear is lower compared to the others when the FPLT gets 
higher. 
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Fig 4-22: QoE index (in mean and variance) for cnn.com 
 
The average QoE index for the URL cnn.com is good and all the algorithms give 
similar results with variance close to zero , meaning that the quality did not change 
significantly during the measurement campaign. (Fig 4-22). 
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Fig 4-23: QoE index with STDWR for republica.it  
 
Table 4-20: Normalized results of republica.it 
url Algorithm Min Max Mean Var 
republica.it FPLT 0.275 103.805 3.433106316 153.1527906 
Exp 0.736972594 0.837297074 0.822427708 0.00043689 
Log 0.690465256 0.873387167 0.832329387 0.000988338 
Pow 0.742942208 1 0.865946875 0.00249606 
Lin 0.113221715 0.824973745 0.803262274 0.007238522 
 
In the cases of republica.it Fig 4-23 and Table 4-20 shows that the quality is 
good and exponential and power algorithms have similar results, whereas for 
the logarithmic is slightly lower. The quality for the linear algorithm is low 
when the FPLT goes higher. 
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Fig 4-24: QoE index (in mean and variance) for republica.it  
 
The average QoE index for the URL cnn.com is good and all the algorithms give 
similar results with variance close to zero , meaning that the quality did not change 
significantly during the measurement campaign. (Fig 4-24). 
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Fig 4-25: QoE index with STDWR for baidu.com 
 
Table 4-21: Normalized results of baidu.com 
url Algorithm Min Max Mean Var 
baidu.com FPLT 1.047 9.135 1.875277 1.114299988 
Exp 0.763532667 0.826326924 0.816727378 0.000100176 
Log 0.765391305 0.832171903 0.817059406 0.000141442 
Pow 0.765115106 0.849063202 0.821167988 0.000298835 
Lin 0.764062676 0.81966637 0.813972099 5.26656E-05 
 
In the cases of baidu.com the quality is good and the four algorithms give 
almost the same result as shown in Fig 4-25 and Table 4-21. 
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Fig 4-26: QoE index (in mean and variance) for baidu.com  
 
As we can see from Fig 4-26 the quality is high in average and the four 
algorithms have similar results with variance close to zero that means the 
quality didn’t change much during measurement of experiment. 
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Fig 4-27: QoE index with STDWR for google.com 
 
Table 4-22: Normalized results of google.com 
url Algorithm Min Max Mean Var 
google.com FPLT 0.568 6.114 1.221273 1.211913884 
Exp 0.778758512 0.832983302 0.82498392 0.000111073 
Log 0.777770005 0.851025576 0.831865245 0.000158724 
Pow 0.773332218 0.902557596 0.851165355 0.000357908 
Lin 0.784831563 0.822959417 0.818468271 5.72792E-05 
 
In the cases of google.com the quality is good and the four algorithms have 
similar results as we can observe from Fig 4-27 and Table 4-22. 
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Fig 4-28: QoE index (in mean and variance) for google.com 
 
The average QoE index for the URL google.com is good and all the algorithms give 
similar results with variance close to zero , meaning that the quality did not change 
significantly during the measurement campaign. (Fig 4-28). 
 
 
Fig 4-29: QoE index with STDWR for google.com.et  
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Table 4-23: Normalized results of google.com.et 
url Algorithm Min Max Mean Var 
google.com.et FPLT 0.411 5.156 0.934216 0.028325261 
Exp 0.785216015 0.835271189 0.827877082 3.77639E-06 
Log 0.783023833 0.860999522 0.835975459 1.61931E-05 
Pow 0.777508455 0.940519341 0.858663209 0.000109211 
Lin 0.791417658 0.824038767 0.820441741 1.33875E-06 
 
In the cases google.com.et the quality is good and the four algorithms give 
similar results as shown in the Fig 4-29 and Table 4-24. 
 
 
 
 
 
 
 
 
 
 
Fig 4-30: QoE index (in mean and variance) for google.com.et 
One can see the average QoE Index for google.com is going good and all the 
algorithms have similar result and the variance is close to zero. 
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4.3 QoE Indexes with Relative Normalization  
4.3.1 Wired+loss & delay Results and Analysis  
 
Fig 4-31: QoE index with loss and delay for cnn.com 
 
Table 4-24: Normalized cnn.com 
url Algorithm Min Max Mean Var 
cnn.com FPLT 8.092 35.935 15.2583 27.60540899 
Exp 0.610035839 0.712182495 0.652787539 0.000645809 
Log 0.562334843 0.715850703 0.655773945 0.001053805 
Pow 0.647675419 0.710003484 0.679800671 0.000192535 
Lin 0.558318575 0.72287923 0.558318575 0.014556475 
  
One can see from (Fig 4-31) and table (Table 4-24) indicates that the QoE indexes 
are similar, apart from few cases with high FPLT, for which the linear and 
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logarithmic algorithms give slightly lower. 
 
Fig 4-32: QoE index (in mean and variance) for cnn.com 
 
The average QoE index for the URL google.com is good and all the algorithms give 
similar results with variance close to zero , meaning that the quality did not change 
significantly during the measurement campaign. (Fig 4-32). 
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Fig 4-33: QoE index with loss and delay for republica.it  
 
Table 4-25: Normalized republica.it 
url Alg Min Max Mean Var 
republica.it FPLT 0.985 61.849 11.96076 216.0518016 
Exp 0.736982347 0.827161796 0.780756657 0.001041121 
Log 0.706428907 0.834053765 0.777986029 0.001368219 
Pow 0.745279203 0.853514709 0.78439629 0.001068675 
Lin 0.401662439 0.82009261 0.744636032 0.010211344 
 
As the Fig (4-33) and table (Table 4-25) indicates the QoE indexes are similar, apart 
from few cases with high FPLT, for which the linear algorithm gives  lower values 
.However, as highlighted by histogram 4-34; the average QoE indexes are high, 
with variance close to zero, meaning that the quality didn’t  change during the 
measurement  campaign  . 
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Fig 4-34: QoE index (in mean and variance) for republica.it  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4-35: QoE index with loss and delay for baidu.com 
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Table 4-26: Normalized baidu.com 
url Algorithm Min Max Mean Var 
baidu.com FPLT 1.735 20.644 6.931 18.4279078 
Exp 0.345827852 0.808084361 0.583381178 0.019605086 
Log 0.337040845 0.802208147 0.581434329 0.016899141 
Pow 0.418959472 0.811859123 0.575087354 0.014563542 
Lin 0 0.792066243 0.574414532 0.032334185 
 
In the case of baidu.com the quality is low and all the algorithms have 
similar results. Moreover when the FPLT goes higher the quality for the 
linear algorithm tends to zero. (Fig 4-35 and Table 4-26) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4-36: QoE index (in mean and variance) for baidu.com 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-36, which highlights that the four 
algorithms give  similar mean values with a variance close to zero, meaning that the 
quality did not change significantly during the measurement campaign. 
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Fig4-37: QoE index with loss and delay for google.com 
 
Table 4-27: Normalized google.com 
url Algorithm Min Max Mean Var 
google.com FPLT 1.447 12.538 6.72442 9.712395228 
Exp 0.051671804 0.339453577 0.163428605 0.007147365 
Log 0.063125758 0.343982968 0.162911078 0.00598688 
Pow 0.08142744 0.369125751 0.155458875 0.005675398 
Lin 0 0.321704109 0.168627948 0.008171432 
 
In the case of google.com the quality is low and the three algorithms 
(exponential, logarithmic and power) have similar results with slightly 
higher than zero, but linear tends to 0 when the FPLT goes higher. (Fig 4-37 
and Table 4-27) 
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 Fig 4-38: QoE index (in mean and variance) for google.com 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-38, which highlights that the four 
algorithms give  very similar mean values with a variance close to zero, meaning 
that the quality did not change significantly during the measurement campaign. 
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Fig4-39: QoE index with loss and delay for google.com.et  
 
Table 4-28: Normalized google.om.et 
URL Algorithm Min Max Mean Var 
google.com.et FPLT 0.695 11.418 3.12806 7.306285649 
Exp 0.038842072 0.43093084 0.304394387 0.012635553 
Log 0.05280556 0.50188009 0.311337141 0.016103258 
Pow 0.067729279 0.698341132 0.339563348 0.034238031 
Lin 1.1242E-16 0.383649004 0.29659864 0.009352596 
 
In the cases of google.com.et the quality is low when the FPLT goes higher 
and the four algorithms give similar results with slightly linear higher. (Fig 
4-39 and Table 4-28) 
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Fig 4-40: QoE index (in mean and variance) for google.com .et 
 
One can see from the Fig 4-40 that the average quality is low and all the 
algorithms have similar average result with low variance slightly higher than 
zero. 
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4.3.2 STDWL (Standard wifi) Results and analysis  
 
 
Fig 4-41: QoE index with STDWL for cnn.com 
 
Table 4-29: Normalized cnn.com 
url Algorithm Min Max Mean Var 
cnn.com FPLT 1.04 39.572 3.37853 15.1199879 
Exp 0.609366144 0.907215386 0.842807309 0.006473663 
Log 0.55240721 0.927115825 0.848297583 0.007331798 
Pow 0.645334974 0.984450677 0.867708295 0.010831634 
Lin 0 0.884815199 0.831115239 0.007972848 
 
As the Fig (4-41) and table (Table 4-29) indicates the QoE indexes are similar, apart 
from few cases with high FPLT, for which the linear algorithm gives  lowest values 
.However, as highlighted by histogram 4-42; the average QoE indexes are high, 
with variance close to zero. 
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Fig 4-42: QoE index (in mean and variance) for cnn.com 
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Fig4-43: QoE index with STDWL for republica.it  
 
Table 4-30: Normalized republica.it 
url Algorithm Min Max Mean Var 
republica.it FPLT 1.054 120.274 13.871209 635.522463 
Exp 0.736972571 0.826233152 0.789458167 0.000732351 
Log 0.68592548 0.83196648 0.78268271 0.00134037 
Pow 0.7424069 0.84858768 0.78633868 0.00057469 
Lin 0 0.81961825 0.731502 0.03003696 
 
In the cases of republica.it the quality is good and the three algorithms (i.e. 
exponential, power and logarithmic) have similar results, but linear gives 
lower for higher values of FPLT. (Fig 4-43 and Table 4-30) 
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Fig4-44: QoE index (in mean and variance) for republica.it 
 
Fig 4-44 indicates the average quality is good and the result is similar for all 
the algorithms with variance tending to zero (although the variance from 
linear algorithm is slightly higher than zero). 
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Fig 4-45: QoE index with STDWL for baidu.com 
 
Table 4-31: Normalized baidu.com 
url Algorithm Min Max Mean Var 
baidu.com. FPLT 1.327 11.562 2.635714 1.003665269 
Exp 0.429481831 0.83907536 0.750302143 0.002986447 
Log 0.44593117 0.852565228 0.733462694 0.188322385 
Pow 0.464573252 0.904162696 0.715780107 0.005041246 
Lin 0.380429722 0.809156678 0.754336847 0.001761063 
 
In the case of baidu.com the quality lower when the FPLT goes higher and 
the four algorithms give similar results. (Fig 4-45 and Table 4-31)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4-46: QoE index (in mean and variance) for baidu.com 
 
From Fig 4-46 we can see that the average quality is good and the result of 
all the algorithms is similar with variance close to zero that means there is no 
much change in quality during the measurement campaign.  
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Fig 4-47: QoE index with STDWL for google.com 
 
Table4-32: Normalized google.com 
url Algorithm Min Max Mean Var 
google.com. FPLT 0.316 5.394 1.231781 0.286501136 
Exp 0.180817368 0.405097577 0.35221696 0.000737632 
Log 0.172837081 0.541885723 0.375233071 0.002712711 
Pow 0.150582807 1 0.448298886 0.016875793 
Lin 0.207217939 0.354509749 0.327946724 0.000241045 
 
In the case of google.com the quality is low when the FPLT goes higher and 
the four algorithms give similar results.  (Fig 4-47 and Table 4-32) 
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Fig 4-48: QoE index (in mean and variance) for google.com 
 
Fig 4-48 shows that the average quality is low and the result is similar for all 
the algorithms with variance close to zero. 
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Fig 4-49: QoE index with STDWL for google.com.et 
 
Table 4-33: Normalized google.com.et 
url Algorithm Min Max Mean Var 
google.com.et FPLT 0.454 5.185 1.121496 0.069195882 
Exp 0.190678251 0.448976948 0.400885282 0.000273774 
Log 0.179459577 0.570197402 0.428197298 0.000888854 
Pow 0.150902688 0.934841919 0.509737534 0.004232122 
Lin 0.223005151 0.392271536 0.36838977 8.85759E-05 
 
In the cases of google.com.et the quality is low, when the FPLT goes higher 
and the four algorithms give similar results. (Fig 4-49 and Table 4-33) 
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 Fig 4-50: QoE index (in mean and variance) for google.com.et 
 
For an averaged comparison over all the experiments, the corresponding mean and 
variance of QoE indexes are shown in Fig 4-50, which shows  that the  three 
algorithms(exponential, logarithmic and power) give  similar mean values with a 
variance close to zero, although linear is slightly lower.   
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4.3.3 STDWR (standard wired) Results and Analysis  
 
 
Fig 4-51: QoE index with STDWR for cnn.com 
 
Table 4-34: Normalized cnn.com 
url Algorithm Min Max Mean Var 
cnn.com FPLT 0.976 39.317 6.454251 16.26173296 
Exp 0.609402133 0.910097411 0.758682077 0.003581608 
Log 0.55307291 0.933655992 0.755902599 0.003780646 
Pow 0.645487451 1 0.74968242 0.004668374 
Lin 0.005855597 0.88628484 0.760487067 0.008574896 
 
In the cases of cnn.com the quality is good and the three algorithms (i.e. 
exponential, power and logarithmic) have similar results, but the linear one 
tends to zero when the FPLT goes higher. (Fig 4-51 and Table 4-34) 
 
77 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4-52: QoE index (in mean and variance) for cnn.com  
 
The average quality is good and all the algorithms have similar results with variance 
close to zero. (Fig 4-52) 
 
Fig 4-53 QoE index with STDWR for republica,it 
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Table 4-35: Normalized republica.it  
url Algorithm Min Max Mean Var 
republica.it FPLT 0.275 103.805 3.433106316 153.1527906 
Exp 0.736972587 0.837297074 0.822427708 0.00043689 
Log 0.690465256 0.873387167 0.832329387 0.000988338 
Pow 0.742942208 1 0.865946875 0.00249606 
Lin 0.113221715 0.824973745 0.803262274 0.007238522 
 
In the cases of republica.it the quality is good and the three algorithms (i.e. 
exponential, logarithmic and power) give similar results with slight 
difference to each other, but linear has low quality when the FPLT goes 
higher.(Fig 4-53 and Table 4-35) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4-54: QoE index (in mean and variance) for republica.it 
 
Fig 4-54 shows that the average quality is good and the four algorithms give 
similar results with variance close to zero. 
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Fig 4-55: QoE index with STDWR for baidu.com 
  
Table 4-36: Normalized baidu.com 
url Algorithm Min Max Mean Var 
baidu..com FPLT 1.047 9.135 1.875277 1.114299988 
Exp 0.478863333 0.861468098 0.802978159 0.003718979 
Log 0.490188 0.897081492 0.805001206 0.005250965 
Pow 0.488505123 1 0.830034749 0.0110941 
Lin 0.482092675 0.820885407 0.786190275 0.001955186 
 
In the cases of baidu.com the quality is low and the four algorithms have 
similar results. (Fig 4-55 and Table 4-36) 
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Fig 4-56: QoE index (in mean and variance) for baidu.com 
 
As shown in Fig 4-56 the average quality is good and all the algorithms have 
similar results with variance close to zero. 
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Fig4-57: QoE index With STDWR for google.com 
 
Table 4-37: Normalized google.com 
url Algorithm Min Max Mean Var 
google.com FPLT 0.568 6.114 1.221273 1.211913884 
Exp 0.160710691 0.389492389 0.355741919 0.00197722 
Log 0.156540047 0.465615174 0.384775159 0.002825463 
Pow 0.137816424 0.683035717 0.466204925 0.006371159 
Lin 0.186333712 0.347200269 0.328251517 0.001019632 
 
 
As Fig 4-57 and Table 4-37 shows the quality is low and the four algorithms 
have similar results. 
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Fig4-58: QoE index (in mean and variance) for google.com 
 
The average quality is low and the four algorithms give similar results with 
variance close to zero. (Fig 4-58)  
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Fig 4-59: QoE index with STDWR for google.com.et 
 
Table 4-38: Normalized google.com.et 
url Algorithm Min Max Mean Var 
google.com.et FPLT 0.411 5.156 0.934216 0.028325261 
Exp 0.191768031 0.452265938 0.413785413 0.000102279 
Log 0.180359441 0.58616173 0.455931111 0.000438572 
Pow 0.151656227 1 0.574003051 0.002957848 
Lin 0.224042718 0.393809996 0.3750903 3.62585E-05 
 
In the cases of google.com.et the quality is low and the four algorithms have 
similar results. (Fig 4-59 and Table 4-38)   
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Fig 4-60: QoE index (in mean and variance) for google.com 
 
The average quality is good when the power algorithm is used, but for the 
others the average quality is low with variance close to zero. (Fig 4-60) 
 
Overall analysis of the obtained results using the four algorithms show that 
linear approach has a lower average value of Quality of Experience 
compared to the other three approaches. This is due to the fact that QoE 
index due to a page load time greater than a certain threshold (about 13 
seconds) produces negative results rounded to 0 while for example the 
polynomial approach (which is definitely positive for all possible values of 
page load time) associate to a QoE index close to 1 for a page load time of 
13 seconds. 
 
In this scenario, linear approach tends to distribute equally the QoE indexes 
between 0 and 13 secs. The power ,exponential and logarithmic approaches 
returns higher values of the QoE indexes for very low page load times: for 
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page load times between 0 and about 1.7-1.8 secs the three trends assume 
better values of QoE, while for values between 1.8 and 9 they return lower 
values compared to the linear approach. For values greater than 9, the three 
approaches return values greater respect to the linear one, considering 
almost in the same way page load time greater than 9 seconds. Linear 
approach represents a more strict evaluation of QoE index  cutting at all 
values greater than 13 seconds spreading linearly the QoE index in the range 
of [0,13]. The three other approaches fit with higher QoE index values 
shorter load page time (between 0 and 1.8) penalizing more the QoE for 
load times between 2 and 9 and considering almost in the same way the rest 
of the traffic between 9 and higher values . 
 
4.4 Sample code 
 
Here is sample code for the script of the experiments in phantomjs module which 
shows how to get the full page load time.  
/** 
*    File: QoE.js 
*    Retrieves a webpage several times in parallel and computes  
*    Quality of experience estimations using different algorithms 
*    based on the full page load time. 
* 
*    Usage: 
*             phantomjs <stard_id> <number_of_parallel_tests> <url> <test_name>  
*/ 
 
// Import the needed modules 
webpage = require('webpage'); 
sys = require('system'); 
args = sys.args; 
 
if(args.length < 5) { 
  sys.stderr.writeLine("\nUsage: phantomjs <stard_id> <number_of_parallel_tests> 
<url> <test_name>\n"); 
} 
 
/* MAIN VARIABLES */ 
 
86 
 
/* The number of tests executed by this module, passed from command line */ 
var LOCAL_TESTS_NUM=parseInt(args[2]);  
 
/* An id, identifying different tests. It is set by command line in order to 
  call this script several time and identifying different iterations */ 
var FIRST_TEST = parseInt(args[1]); 
 
/* The URL of the webpage to test */ 
var URL = args[3]; 
 
/* Calculated number of the last test executed by this module */ 
var TESTS_NUMBER = FIRST_TEST + LOCAL_TESTS_NUM; 
 
/* Test name (keep track of the enviroment fo testing )*/ 
var TEST_NAME = args[4]; 
 
/* Number of parallel page loads */ 
var MAX_PARALLEL_CONNECTIONS = LOCAL_TESTS_NUM ; 
 
/* Service array, used to check if all asynchronous requests have completed */ 
var terminated = []; 
for (var i = 0; i < MAX_PARALLEL_CONNECTIONS; i++)  
{ 
  terminated.push(false); 
}; 
 
 
/** 
*   Handler that is called when a page has been fully loaded 
*   st     time when request started 
*   id     id of the repetition of the test 
*/ 
   
function get_response(st, id) 
{ 
  return function(status) 
  { 
 
      var stoptime=Date.now(); 
     
      fullpageloadtime=stoptime-st; 
 
      // QoE result of the 4 algorithms  
      var fpl = fullpageloadtime/1000; 
      var exp = QoE_exp(fpl); 
      var log = QoE_log(fpl); 
      var pow = QoE_pow(fpl); 
      var lin = QoE_lin(fpl); 
 
      // csv record to be output 
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      var record = [TEST_NAME,URL,id, fpl, exp, log, pow, lin]; 
       
      // output record to the stdout after serializing it 
      console.log(str_to_csv_record(record));  
 
      // Set that parallel flow id has completed 
      terminated[id % MAX_PARALLEL_CONNECTIONS] = true; 
 
      return; 
  }; 
} 
 
/** 
*   Makes an http requests and sets an handler for the PAGE_LOADED event 
*/ 
function do_tests(id) 
{ 
  var page = webpage.create(); 
 
  // Set maximum timeout to 10 seconds 
  page.settings.resourceTimeout = 1000 * 10; 
 
  // Save the time 
  var starttime=Date.now(); 
   
  // Issue the request 
  page.open( 
    URL,  
    get_response(starttime, id) 
  ); 
} 
 
/** 
*   Takes an array of string and produces a string formatted 
*   as a csv record 
*/ 
function str_to_csv_record(value_list) 
{ 
  var result = ""; 
  for (var i = 0; i < value_list.length; i++)  
  { 
    result = result + value_list[i] + ", "; 
  }; 
  return result; 
} 
 
 
/**   
*    test_terminated() 
* 
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*    This is a function that will be called recursively each time a timer 
expires 
*    and repetively checks if all the parallel flows have completed 
*     
*/ 
function test_terminated() 
{ 
  // This varible tells if all are terminated 
  var close = true;  
 
  // This variable tells how many are terminated 
  var c = 0; 
   
  // check if they all terminated 
  for (var i = 0; i < terminated.length; i++)  
  { 
    if (terminated[i]) c++; 
    close = close && terminated[i]; 
  }; 
 
 
  if(close) 
  { 
    sys.stderr.writeLine('TERMINATED ' + FIRST_TEST + '\n'); 
    phantom.exit(); 
  } else { 
    sys.stderr.writeLine(c + "/" + terminated.length + " finished.") 
 
    // Sleep for 3 seconds before checking again 
    setTimeout(test_terminated,3*1000); 
  } 
} 
 
/* Main starts here */ 
 
// Issue TESTS_NUMBER asynchronous requests 
for (var i = FIRST_TEST; i < TESTS_NUMBER; i++)  
{ 
  do_tests(i); 
} 
 
 
setTimeout(test_terminated,3*1000); 
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CHAPTER 5 
 
 CONCLUSIONS  
 
We have conducted experiments from different setup scenarios and measured the 
Quality of Experience (QoE) index with four algorithms exponential, logarithmic, 
power and linear by taking as main parameter the full page load time (FPLT) to 
compute the QoE index from different and distributed url.  
 
Overall analysis of the obtained results using the four algorithms show that linear 
approach has a lower average value of Quality of Experience compared to the other 
three approaches. This is due to the fact that QoE index due to a page load time 
greater than a certain threshold (about 13 seconds) produces negative results 
rounded to 0 while for example the power approach (which is definitely positive for 
all possible values of page load time) associate to a QoE index close to 1 for a page 
load time of 13 seconds. 
 
In this scenario, linear approach tends to distribute equally the QoE indexes 
between 0 and 13 secs. The power ,exponential and logarithmic approaches returns 
higher values of the QoE indexes for very low page load times: for page load times 
between 0 and about 1.7-1.8 secs the three trends assume better values of QoE, 
while for values between 1.8 and 9 they return lower values compared to the linear 
approach. For values greater than 9, the three approaches return values greater 
respect to the linear one, considering almost in the same way page load time greater 
than 9 seconds. Linear approach represents a more strict evaluation of QoE index  
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cutting at all values greater than 13 seconds spreading linearly the QoE index in the 
range of [0,13]. The three other approaches fit with higher QoE index values shorter 
load page time (between 0 and 1.8) penalizing more the QoE for load times 
between 2 and 9 and considering almost in the same way the rest of the traffic 
between 9 and higher values . 
 
The algorithms we have considered for calculating the QoE index will help the 
service provider to have real-time solutions on behalf of end users and with 
minimized cost. 
 
In addition, the service provider can take plan ahead to enhance the quality of 
service, so that the end users can satisfied with the service. 
 
Future work includes objective performance metrics that correlate well with 
subjective scores are still in their early stages of development. Thus, more effort and 
new standards are still needed for defining the measurement model to represent the 
perceived quality which is experienced by end users. 
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